Introduction {#S0001}
============

Gastric cancer (GC) is one of the most common malignant tumors worldwide. The latest data shows that the global incidence of GC ranks fifth among malignant tumors, and it is the third leading cause of cancer-related deaths globally.[@CIT0001] At present, surgery is the most important treatment for GC, but the rate of recurrence remains high due to its high invasiveness and metastasis. What's more, the specific etiology and pathogenesis of GC have not been fully elucidated,[@CIT0002] and its targeted molecular drugs are lacking.[@CIT0003] Therefore, exploring the molecular mechanism of GC proliferation and metastasis is the key to improve the diagnosis and treatment of GC.

Ropivacaine (Ropivacaine, Rop) is S-(-)-1-propyl-N-(2,6-xylyl)-2-piperidinecarboxamide hydrochloride monohydrate and its anhydride, which is a new type long-acting amide local anesthetic with levorotatory form, and has been widely used in anesthesia, postoperative analgesia and other fields.[@CIT0004] In recent years, ropivacaine has attracted increasing attention in cancer research. For example, lidocaine and Rop have shown antiproliferative effects on colon cancer cell lines after high concentration and long-term exposure to local anesthetics.[@CIT0005] In addition, ropivacaine inhibits the proliferation and promotes apoptosis of liver cancer cells in a dose- and time-dependent manner.[@CIT0006] Rop also significantly reduces the viability of GTPases, including RhoA, Rac1, and Ras, and inhibits isoprenylation in esophageal cancer cells.[@CIT0007] However, the effect of Rop on GC cells needs further exploration.

MicroRNAs (miRNAs) are a class of endogenous noncoding RNA that are about 20 nucleotides in length and considered to be gene expression regulators post-transcriptionally. In recent years, increasing researches have revealed that miRNAs play key roles in the occurrence and development of malignant tumors.[@CIT0008] For example, miR-29 is downregulated in acute myeloid leukemia and liver cancer.[@CIT0009] Upregulated miR-21 is involved in the proliferation and migration of hepatocellular carcinoma by inhibiting SMAD7.[@CIT0010] Moreover, miR-362 induces GC cell proliferation by activating NF-κB pathway, while miR-181a inhibits the proliferation, invasion and metastasis of GC cells.[@CIT0011] As an important member of miRNAs, miR-520a-3p is located at 19q13.42 and is 85bp in length. Studies have shown that miR-520a-3p is abnormally expressed in a variety of tumors. For example, miR-520a-3p attenuates the the proliferation, migration and invasion of NSCLC cells via inhibition of HOXD8.[@CIT0012] DEX inhibits the proliferation and migration of osteosarcoma cells and promotes its apoptosis by upregulating miR-520a-3p.[@CIT0013] However, the role of miR-520a-3p in GC needs further exploration.

The protein of WEE1 contains 647 amino acids. Functionally, it inhibits the viability of CDK kinase by phosphorylating Thr14 and Tyr15 sites of CDK, thereby inhibiting cells from entering mitosis, regulating cell G2/M phase transformation, histone synthesis, and repair of DNA damage, thus maintaining genome stability.[@CIT0014],[@CIT0015] Besides, studies have shown that WEE1 is highly expressed in various cancers and has oncogenic functions. More importantly, the upregulation of WEE1 is also related to the malignant phenotype of GC, and also enhances cell proliferation and metastasis of GC.[@CIT0016]

PI3K is an intracellular phosphatidylinositol kinase consisting of regulatory subunit p85 and catalytic subunit p110, while AKT is a serine/threonine-specific protein kinase. Both of them have been found to play key roles in the malignant processes of glucose metabolism, apoptosis, proliferation, transcription, and migration in various cells. For example, Tanshinone IIA (Tan IIA) inhibits EGF and TGF-β1-induced EMT in HepG2 cells by inactivating the PI3K/AKT/ERK pathway.[@CIT0017] In addition, studies have found that non-SMC condensin I complex subunit G (NCAPG) acts as an oncogene in liver cancer and promotes cell proliferation and reduces apoptosis by activating the PI3K/AKT/FOXO4 pathway.[@CIT0018] Nevertheless, whether Rop could affect the activation of PI3K/AKT in GC by regulating miR-520a-3p remains unclear.

In this study, we found that Rop dose-dependently inhibited the proliferation of GC cells both in vitro and in vivo, and also attenuated the migration and invasion of GC cells. In addition, Rop promoted the expression of miR-520a-3p but decreased the protein level of WEE1, phosphorylated PI3K (p-PI3K) and phosphorylated Akt (p-Akt). What's more, miR-520a-3p inhibited the development of GC and enhanced the inhibitory effects of Rop on GC by affecting the proliferation, invasion and migration of GC cells. Functionally, miR-520a-3p was found to target WEE1 and inhibited it. Overall, this study revealed new molecular mechanisms in the progression of GC, and provided a new theoretical reference for the treatment of GC.

Materials and Methods {#S0002}
=====================

Cell Culture and Drug Action {#S0002-S2001}
----------------------------

AGS and BGC-823 cell lines were purchased from the Cell Center of Chinese Academy of Sciences, Shanghai, China. Cells were cultured in RPMI1640 medium (Thermo Fisher Scientific, MA, USA) containing 10% fetal bovine serum (FBS) (Thermo Fisher Scientific, MA, USA) and 1% penicillin/streptomycin (Invitrogen, CA, USA) in an incubator in 5% CO~2~ at 37°C. Cells at the logarithmic growth stage were trypsinized by 0.25% trypsin (Thermo Fisher HyClone, Utah, USA) for cell passage. Rop (CAS NO. 84057-95-4, Sigma, Shanghai, China) was dissolved in DMSO and diluted with 0.9% physiological saline. Cells were treated with 0--40 μmol/L of Rop for 24h and then subjected to other experiments.

Cell Transfection {#S0002-S2002}
-----------------

The GC cells of AGS and BGC-823 at the logarithmic growth phase were taken, and inoculated in a 6-well plate at a density of 5×10^6^/well after trypsinization and passage. Subsequently, miR-520a-3p mimics or inhibitors and the matched negative controls were transfected into GC cells of AGS and BGC-823, respectively, according to the instructions of FuGENE^®^ HD Transfection Reagent (Roche, Shanghai, China). Next, the cells were cultured in an incubator in 5% CO~2~ at 37°C. After 24 hours of transfection, total RNA of the cells was extracted and the real-time fluorescence quantitative PCR (RT-PCR) was performed to detect miRNAs expressive changes in the cells.

CCK8 Assay {#S0002-S2003}
----------

AGS and BGC-823 GC cells were trypsinized and adjusted to reach a cell density of 2×10^3^/mL, then inoculated in a 96-well plate with 100 μL of cell suspension per well. Afterwards, the 96-well plate was placed in an incubator for further culture. Twenty-four hours later, 10 μL of CCK8 solution (Hubei Bios Biotechnology Co., Ltd.) was added to each well and the cells were cultured for another 1 hour in the incubator. After the culture was terminated, the 96-well plate was placed in a microplate reader, and the absorbance (OD value) of each well at 450 nm was measured.

Transwell Assay {#S0002-S2004}
---------------

The cells were inoculated into a 24-well plate (5×10^4^ cells/well) on the first day, and transfected according to the instructions of Lipofactamine ™ 2000 when the cell abundance reached about 80% on the second day. Twenty-four hours after transfection, the transfected cells were inoculated into the chamber of a Transwell (2.5×10^4^ cells/well), and the cells in the chamber were resuspended in a serum-free medium, while the bottom of the chamber was a medium containing 20% serum. In migration experiments, no matrigel was coated with the interior chamber, while in invasion experiments, a layer of matrigel was pre-coated into the interior chamber to simulate extracellular matrix. After 24 hours of cell incubation, the chamber was taken out, and the cells in the lower well were fixed by mixture of formaldehyde and acetic acid for 15 minutes, then washed with PBS, stained with crystal violet. Finally, the number of invaded or migrated cells was counted.

Flow Cytometry {#S0002-S2005}
--------------

Apoptosis of GC cells was detected by flow cytometry using Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (Sigma, Shanghai, China) according to the manufacturer's instructions. After incubation for 48 h, AGS and BGC-823 cells were washed with PBS, resuspended in binding buffer and then double stained with Annexin V-FITC and PI. The apoptotic cells were analyzed by using a flow cytometer (Becton--Dickinson, Franklin Lakes, NJ, USA) with CellQuest software (BD Biosciences). Every sample was prepared in triplicate.

qRT-PCR {#S0002-S2006}
-------

The expression of WEE1 mRNA and miR-520a-3p were detected by fluorescent quantitative PCR. The suspended cells were lysed with TRIzol (Invitrogen, Shanghai, China). RNAs in cell lysates were extracted by chloroform-isoamyl alcohol extraction, and an ultraviolet spectrophotometer was used to detect the purity and concentration of RNA samples. Then, 2 μg of RNA samples was taken to prepare 20 reverse transcription systems according to instructions of the reverse transcription kit (Thermo Scientific, Shanghai, China) and reverse transcribed into cDNAs under the catalysis of transcriptase. Next, 1 μL of cDNA sample was taken to prepare a 50μL-quantitative PCR reaction system which contained SYBR Green (Thermo Scientific, Shanghai, China) fluorescence and primers of miRNA-520-3p, and the procedures were as follows: initial denaturation (94°C, 1 min), denaturation (95 °C, 25s), primer annealing (62°C, 30s), and extension (72 °C, 20s), a total of 35 cycles were conducted. After the end of the cycles, the extension was performed at 72 °C for another 5min. The heating rate was 0.472 °C/time, and the acting time was 30s/time. A melting curve was made to evaluate the specificity of PCR amplification. The internal reference gene of miR-520a-3p was U6, and the relative expression was calculated using the 2^−Δ∆Ct^ method. Primers for miR-520a-3p: Forward primers: 5ʹ-AACCTCCCAAAGTGCTTCCCTTT-3; Reverse primers: 5ʹ-CAGTGCAGGGTCCGAGGT-3ʹ.

Primers for WEE1: Forward primers: 5ʹ-GCTGCCTCTGAAGAAGGAGA-3; Reverse primers: 5ʹ-ACATACCACTGTGAGGGCAA-3ʹ.

Dual-Luciferase Reporter Assay {#S0002-S2007}
------------------------------

The targeted relationship between WEE1 and miR-520a-3p was verified by dual luciferase reporter assay. The sequence of the 3ʹUTR of WEE1 were cloned into the pmirGLO vectors (Promega, Madison, WI, USA) to generate WEE1-WT plasmids. Next, site-specific mutagenesis was performed to create WEE1-Mut plasmids. The pRL-TK renilla luciferase reporter vector (Promega, Madison, WI, USA) was used as the internal reference. AGS cells were cotransfected with the WEE1-WT or WEE1-MT and miR-520a-3p mimics or negative control. The cells were harvested 36 hours after transfection, and the luciferase viability of AGS and BGC-823 cells was detected according to instructions of the luciferase viability detection kit (Promega. Relative luciferase activity equaled to firefly luciferase viability value/renilla luciferase viability value.

Western Blot {#S0002-S2008}
------------

AGS and BGC-823 cells were seeded in 6-well plates (6×10^5^/well) respectively, and transfected with the miR-520a-3p control group. After 72 hours of culture, the total protein of AGS and BGC-823 cells and the transfected cells were extracted, and the protein concentration was determined by BCA method. Subsequently, the protein was separated by 10% polyacrylamide gel electrophoresis and transferred to the membrane, then the membranes were sealed with skimmed milk and incubated with primary antibodies of WEE1 (ab137377, 1: 1000, abcam), PI3K (ab32089, 1: 1000, abcam), Akt (ab8805, 1: 1000, abcam) at 4 °C overnight. After being washed by TBST, the membranes were then incubated with sheep anti-rabbit secondary antibody (ab150077, 1: 2500, abcam) at room temperature for 2 hours. Afterwards, the cells were developed with ECL chemiluminescence reagent, and gel imaging system was used for imaging, while ImageJ software was used for grayscale analysis. GAPDH was used as the endogenous control.

Tumor Formation in Nude Mice {#S0002-S2009}
----------------------------

Six-week-old BALB/c-nu nude mice were used to establish tumor models in vivo. AGS cells in the logarithmic growth phase were taken, trypsinized with 0.25% trypsin and collected, then washed and resuspend in a serum-free medium to make single cell suspension (concentration: 3 ×10^8^/mL). Eighty nude mice were divided into 4 groups, then 0.1mL of cell suspension was injected subcutaneously into the left forelimb of each nude mouse. During the next 7 weeks, tumor volumes of each group were measured. The longest diameter (a) and the shortest diameter (b) perpendicular of the tumors were measured by vernier caliper. The tumor volume was calculated according to the formula: V (mm3) = 0.5×a×b^2^. Moreover, the mice were anesthetized at the 21th day, 28th day and 35th day, respectively and then the tumors in vivo of each group were collected and the size and weight of the tumors were measured. The mice of the ropivacaine group were injected with 20, 40, and 60 μmol/kg body weight of Rop once a day from the day of tumor formation to the end of the experiment. All experiments were performed following the guidelines and regulations of Ethics Committee of the Rizhao People's Hospital.

Data Analysis {#S0002-S2010}
-------------

The data in this study were all analyzed using SPSS22.0 statistical software (SPSS Inc., Chicago, IL, USA). The experiments consisted of three repetitive wells in each group of cells, and were repeated at least 3 times. The mean ± standard deviation was used to show the measurement data with normal distribution. The student's *t* test was used to compare the measurement data between the two groups. *P* \<0.05 was considered statistically significant.

Results {#S0003}
=======

Rop Inhibited the Proliferation, Migration and Invasion of GC Cells {#S0003-S2001}
-------------------------------------------------------------------

To preliminarily explore the effect of Rop on GC cells, Rop with different concentration gradients (2.5 μmol/L, 5 μmol/L, 10 μmol/L, 20 μmol/L, and 40 μmol/L) was used to act on GC cells, and CCK8 assay was adopted to detect cell viability. The results showed that the cell viability of AGS and BGC-823 both dose-dependently decreased significantly compared with that of the control group (*P*\<0.05, [Figure 1A](#F0001){ref-type="fig"}). In addition, we found that Rop inhibited the proliferation of AGS and BGC-823 in a time-dependent manner (*P*\<0.05, [Figure 1B](#F0001){ref-type="fig"}). Moreover, we detected the level of apoptosis of GC cells and found that Rop significantly increased the apoptotic rate of GC cells ([Figure 1C](#F0001){ref-type="fig"}). As migration and invasion were the key steps to metastasis of GC, we further used transwell assay to detect the effect of Rop on the migration and invasion of GC cells in this study. Interestingly, our results showed that the migration and invasion of GC cells AGS and BGC-823 were signally reduced after treated by Rop of 5 μmol/L (*P*\<0.05, [Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). Thus, those data showed that Rop inhibited the development of GC in vitro.Figure 1Rop inhibited the proliferation, migration and invasion of GC cells. (**A**) CCK8 assay was used to detect the proliferation of GC cell lines (AGS and BGC-823) under the effects of Rop at different concentrations (2.5 μmol/L, 5 μmol/L, 10 μmol/L, 20 μmol/L, 40 μmol/L) within 24 hours. ns *P*\> 0.05, \*\**P* \<0.01, \*\*\**P* \<0.001, ^&^*P* \<0.05, ^&&^*P* \<0.01, ^&&&^*P* \<0.001 (vs control group). (**B**) CCK8 assay was used to detect the proliferation of GC cell lines (AGS, BGC-823) treated with Rop (5 μmol/L) for 3h, 6h, 12h, 24h, and 48h. NS *P*\> 0.05, \*\**P* \<0.01, \*\*\**P* \<0.001, ^&&^*P* \<0.01, ^&&&^*P* \<0.001 (vs control group). (**C**) Flow cytometry was used to detect the apoptosis of GC cells treated with Rop at the same concentration (5 μmol/L). (**D**) and (**E**) Transwell assay was used to detect the migration (**D**) or invasion (**E**) of GC cell lines (AGS, BGC-823) effect of Rop at the same concentration (5 μmol/L), \*\**P* \<0.01, \*\*\**P* \<0.001 (vs control group).

Rop Inhibited the WEE1 and PI3K/AKT Signaling Pathways {#S0003-S2002}
------------------------------------------------------

Previous studies indicated that both WEE1 and PI3K/AKT signaling pathway play an important role in the proliferation and metastasis of GC. We found through bioinformatics analysis in the GEPIA database ([<http://gepia.cancer-pku.cn/>]{.ul}) that WEE1 was dramatically upregulated in GC ([Figure 2A](#F0002){ref-type="fig"}). Here, the mRNA and protein expression of WEE1 were detected by using RT-PCR and Western blot, respectively. The results revealed that Rop markedly inhibited the mRNA and protein level of WEE1 (*P* \<0.05, [Figure 2B](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). We also found through Western blot that Rop observably inhibited the expression of p-PI3K and p-AKT (*P* \<0.05, [Figure 2](#F0002){ref-type="fig"}[C](#F0002){ref-type="fig"}, [E](#F0002){ref-type="fig"}, [F](#F0002){ref-type="fig"}). The above results indicated that Rop inhibited the WEE1 and PI3K/AKT signaling pathways.Figure 2Rop inhibited WEE1 and PI3K/AKT in GC cells. (**A**) The WEE1 expression in GC was analyzed in GEPIA database ([<http://gepia.cancer-pku.cn/>]{.ul}) and the results showed that WEE1 was upregulated in GC tissues compared with that of normal tissues. (**B**) qRT-PCR was used to detect the expression of WEE1 mRNA in GC cell lines (AGS, BGC-823). \*\*\**P* \<0.001 (vs control group). (**C**--**F**) Western blot was used to detect the levels of WEE1 (**C** and **D**) and PI3K, AKT (**E** and **F**) in GC cell lines (AGS, BGC-823), respectively. \*\*\**P* \<0.01 (vs control group).

Rop Promoted the Expression of miR-520a-3p in GC Cells {#S0003-S2003}
------------------------------------------------------

It has been reported that miR-520a-3p inhibits cell migration, promotes apoptosis, and causes cycle arrest of colon cancer cells, and it may also have a similar role in GC, while its regulation in GC remains unclear. Therefore, we conducted qRT-PCR to detect the expression of miR-520a-3p in GC cells under the treatment of Rop with different concentrations (2.5 μmol/L, 5 μmol/L, 10 μmol/L, 20 μmol/L, 40 μmol/L) on the expression of miR-520a-3p. Our study showed that the expression of miR-520a-3p showed an upward trend as the concentration of Rop increased ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}), indicating that Rop dose-dependently promoted the expression of miR-520a-3p in GC cells.Figure 3Rop promoted miR-520a-3p expression. (**A, B**) qRT-PCR was used to detect the expression of miR-520a-3p in GC cell lines AGS (**A**) and BGC-823 (**B**) at different concentrations (5 μmol/L, 10 μmol/L, 20 μmol/L), ns *P*\> 0.05, \*\**P* \<0.01, \*\*\**P* \<0.001 (vs control group).

MiR-520a-3p Targeted WEE1 {#S0003-S2004}
-------------------------

Whereas the expressions of miR-520a-3p and WEE1 were both regulated by Rop, we were curious whether there was a targeting relationship between the two molecules. Interestingly, through bioinformatics analysis, we found that miR-520a-3p targeted the 3ʹUTR site of WEE1 mRNA ([Figure 4A](#F0004){ref-type="fig"}). To further clarify the targeting relationship between miR-520a-3p and WEE1, we performed the dual-luciferase reporter assay, and it was found that miR-520a-3p notably reduced the luciferase viability of WEE1-WT, while had no significant effect on that of WEE1-MUT ([Figure 4B](#F0004){ref-type="fig"}). Next, we established a miR-520a-3p overexpressing cell model ([Figure 4C](#F0004){ref-type="fig"}) and used qRT-PCR to detect the expressive changes of WEE1 mRNA. It was found that miR-520a-3p significantly inhibited the expression of WEE1 mRNA compared with that of the control group ([Figure 4D](#F0004){ref-type="fig"}). Furthermore, bioinformatics analysis that WEE1 was positively correlated with AKT expression in GC ([Figure 4E](#F0004){ref-type="fig"}), and KEGG analysis also revealed that PI3K/Akt is an underlying signaling pathway of WEE1 ([Figure 4F](#F0004){ref-type="fig"}). Moreover, results of Western blot showed that overexpressing miR-520a-3p not only inhibited the WEE1 protein level compared with that of the control group ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}), but also inhibited the expression of p-PI3K and p-AKT ([Figure 4I](#F0004){ref-type="fig"} and [J](#F0004){ref-type="fig"}). The above results showed that miR-520a-3p had a targeting relationship with WEE1 and inhibited its downstream PI3K/AKT pathway in GC cells.Figure 4MiR-520a-3p targeted WEE1. (**A**) We analyzed the downstream molecules of miR-520a-3p through the StarBase database ([<http://starbase.sysu.edu.cn/>]{.ul}), and noticed that miR-520a-3p contained a potential binding site for WEE1. (**B**) Dual-luciferase reporter assay was used to detect the targeting relationship between miR-520a-3p and WEE1. ns *P*\> 0.05. \*\**P* \<0.01 (vs miR-NC group). (**C**) qRT-PCR was used to determine the expression of miR-520a-3p in GC cell lines (AGS, BGC-823). \*\**P* \<0.01, \*\*\**P* \<0.001. (**D**) qRT-PCR was used to detect WEE1 mRNA expression in GC cell lines (AGS, BGC-823) after transfection of miR-520a-3p mimics. \*\**P* \<0.01, \*\*\**P* \<0.001 (vs miR-NC group). (**E**) Bioinformatics analysis through GEPIA ([<http://gepia.cancer-pku.cn/>]{.ul}) revealed that the expression of WEE1 and AKT was positively correlated. (*P* \<0.001, *R*^2^ = 0.22). (**F**) KEGG analysis revealed that PI3K/Akt is an underlying signaling pathway of WEE1. (**G**--**J**) Western blot was used to detect the expressions of WEE1, PI3K and AKT. \*\*\**P* \<0.001.

Overexpression of miR-520a-3p Inhibited Proliferation, Migration and Invasion of GC Cells {#S0003-S2005}
-----------------------------------------------------------------------------------------

To verify the role of miR-520a-3p in GC progression, first, we conducted bioinformatics analysis in the KM plotter database ([<http://kmplot.com/analysis/>]{.ul}). The results suggested that downregulated miR-520a-3p predicts poorer survival of GC patients ([Figure 5A](#F0005){ref-type="fig"}). Next, we conducted experiments to explore the role of miR-520a-3p in GC, and our data revealed that overexpression of miR-520a-3p notably reduced the proliferation, but aggravated the apoptosis of GC cells compared with that of the control group ([Figure 5](#F0005){ref-type="fig"}B and C). What's more, the migration and invasion of GC cells were also remarkedly inhibited by overexpressed miR-520a-3p ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). As a result, our data suggested that miR-520a-3p is an antitumor regulator in GC.Figure 5MiR-520a-3p inhibited the proliferation, migration, invasion and promoted apoptosis of GC cells. (**A**) Bioinformatics analysis showed that lower expression of miR-520a-3p predicted poor survival of GC. (**B**) CCK8 assay was used to detect the proliferation of GC cell lines (AGS, BGC-823). (**C**) Flow cytometry was used to detect the apoptosis of GC cells. (**D** and **E**) Transwell assay was used to detect the migration (**D**) and invasion (**E**) of GC cell lines (AGS, BGC-823). \*\**P* \<0.01, \*\*\**P* \<0.001.

Overexpression of miR-520a-3p Enhanced the Inhibitory Effect of Rop on the Proliferation, Migration and Invasion of GC Cells {#S0003-S2006}
----------------------------------------------------------------------------------------------------------------------------

In order to further explore the role of miR-520a-3p in Rop induced GC progression, we treated GC cells with Rop intervention on the basis of miR-520a-3p overexpression. Our data showed that the proliferation, migration and invasion of GC cells were significantly inhibited by miR-520a-3p, and upregulating miR-520a-3p further aggravated the apoptotic level of GC cells compared with that of the Rop group (*P* \<0.05, [Figure 6A](#F0006){ref-type="fig"}--[E](#F0006){ref-type="fig"}). Collectively, these results indicated that miR-520a-3p promoted the inhibitory effect of Rop on GC.Figure 6MiR-520a-3p enhanced the inhibitory effect of Rop on the proliferation, migration and invasion of GC cells. (**A**) CCK8 assay was used to detect the proliferation of GC cell lines (AGS, BGC-823) on the basis of Rop (5μmol/L) treatment. \**P* \<0.05 (vs miR-NC group), ^&&^*P* \<0.01, ^&&&^*P* \<0.001 (vs Rop group). (**B** and **C**) Flow cytometry was used to detect the apoptosis of GC cells. (**D** and **E**) Transwell assay was used to detect the migration (**D**) and invasion (**E**) of GC cell lines (AGS, BGC-823), \*\**P* \<0.01, \*\*\**P* \<0.001 (vs miR-NC group), ^&&&^*P* \<0.001 (vs Rop group).

Ropivacaine Inhibited the Progression of GC Cells in vivo {#S0003-S2007}
---------------------------------------------------------

In order to further explore the inhibitory effect of ropivacaine on GC cells, we performed tumor formation experiment in nude mice in vivo to detect tumor volume and mass at different time (the 21th day, 28th day, and 35th day), and found that Rop dramatically reduced the volume and weight of tumors in vivo in a dose-dependent manner ([Figure 7A](#F0007){ref-type="fig"}--[C](#F0007){ref-type="fig"}). Moreover, qRT-PCR and Western-blot showed Rop promoted the expression of miR-520a-3p (*P* \<0.05, [Figures 7D](#F0007){ref-type="fig"}) and signally inhibited the expression of WEE1, p-PI3K and p-AKT (*P* \<0.05, [Figure 7E](#F0007){ref-type="fig"}--[H](#F0007){ref-type="fig"}). As a consequence, those resulted suggested that Rop attenuated the progression of GC in vivo through downregulating WEE1 mediated PI3K/Akt pathway by miR-520a-3p.Figure 7Rop inhibited the progression of GC cells in vivo. (**A**) Tumors collected from nude mice. (**B**) Rop dose-dependently (20 μmol/kg, 40 μmol/kg, 80 μmol/kg) inhibited tumor volume in nude mice (21th day, 28th day, 35th day). \*\**P* \<0.01 (vs sham group). (**C**) Nude mice were sacrificed at the 35th day and the tumor weight were calculated. NS *P*\> 0.05, \*\*\**P* \<0.001 (vs sham group). (**D**) qRT-PCR was used to detect the miR-520a-3p expression with different concentrations of Rop in GC cells of nude mice. NS *P*\> 0.05, \*\*\**P* \<0.001 (vs sham group). (**E**--**H**) Western blot was used to detect the expressive changes of WEE1, PI3K, and AKT. NS *P*\> 0.05, \**P* \<0.05, \*\*\**P* \<0.001 (vs sham group).

Discussion {#S0004}
==========

With the continuous exploration of GC, an increasing number of drugs are being used for its treatment. Therefore, studying the mechanism of drugs in GC tissues plays an important role in the clinical treatment of GC. In this study, we found that Rop inhibited the malignant biological behaviors of GC in a dose- and time-dependent manner. Further experiments showed that Rop promoted the expression of miR-520a-3p and inhibited the WEE1 and PI3K/AKT signaling pathways, thus playing an inhibitory effect on the proliferation, migration and invasion of GC, which was of great significance for finding new therapeutic targets for GC drugs.

Accumulating studies have proved that narcotics are promising treatments in curing cancers. For example, lidocaine significantly inhibits the proliferation, migration, and invasion of cancer cells and induces apoptosis in a dose-dependent manner.[@CIT0019] Besides, lidocaine also reduces the growth, migration and invasion of GC cell MKN45 by regulating the expression of miR-145 and further inactivating the MEK/ERK and NF-κB signaling pathways.[@CIT0020] In addition, propofol plays an antitumor role through regulating the viability, migration and invasion of bladder cancer by targeting the microRNA-10b/HOXD10 signaling pathway.[@CIT0021] On the other hand, studies have confirmed that midazolam and Rop synergistically inhibit bone cancer pain in rats with different mechanisms.[@CIT0022] Moreover, Rop also plays an important role in tumors. For example, Rop regulates CD62E expression and reduces tumor cell arrest through NF-κB signaling pathway.[@CIT0023] In this study, we found that Rop inhibited the proliferation of GC cells in a dose- and time-dependent manner, besides, Rop promoted the apoptosis and attenuated the migration and invasion of GC cells, indicating that Rop shows good potentials in the treatment of GC.

The role of miRNAs in tumors has been extensively studied, and studies have confirmed that miRNAs are vital regulators in a variety of tumor. For example, miR-23b regulates epithelial-mesenchymal transition of colorectal cancer cells.[@CIT0024] MiR-346 inhibits the growth of glioma cells by targeting NFIB.[@CIT0025] Upregulation of miR-203a-3p increases cell viability and cell proliferation, and also inhibits apoptosis.[@CIT0026] In addition, miRNAs also play important roles in GC. For example, miR-6884-5p inhibits GC cell proliferation, invasion, and EMT by directly reducing S100A16 expression.[@CIT0027] miR-337-3p inhibits GC metastasis by targeting ARHGAP10.[@CIT0028] As one member of the miRNAs, miR-520a-3p has also been found in previous studies to regulate the progression of tumors. For example, miR-520a-3p attenuates the inhibition of HOXD-AS2-depletion on the proliferation, migration, and invasion of NSCLC cells.[@CIT0029] LINC01116 upregulates IL6R in OS by targeting miR-520a-3p, thereby activating the JAK-STAT signaling pathway and promoting OS procession.[@CIT0030] Moreover, it has also been reported as a tumor suppressor gene in lung cancer and breast cancer[@CIT0031] as well as GC.[@CIT0032] In this study, we found that miR-520a-3p was significantly upregulated by Rop in GC cells, and its overexpression observably inhibited cell proliferation, invasion and migration but increased cell apoptosis, suggesting that Rop exerted its tumor suppressive effect by promoting miR-520a-3p expression in GC.

WEE1 is a member of the serine/threonine protein kinase family and is a key regulator of cell cycle progression. It has been reported that WEE1 are overexpressed in several cancers, such as malignant melanoma, breast cancer, osteosarcoma, and gliomas.[@CIT0033]--[@CIT0036] Studies have shown that knocking down WEE1 eliminated the combination-mediated effects on cell migration and proliferation in BRAF mutant BRAF inhibitor-sensitive cells, while WEE1 silencing alone inhibited cell migration in NRAS mutant cells.[@CIT0037] Similarly, ablation of WEE1 notably reduced the invasion and migration of GC cells, and its overexpression enhanced the viability, invasion, and migration of GC cells.[@CIT0016] More importantly, studies have revealed that WEE1 is an adaptive resistance gene activated after PI3K inhibition, and the inhibition of WEE1 enhances the effectiveness of PI3K targeted inhibition, indicating that WEE1 and PI3K have a joint inhibitory effect.[@CIT0038] In addition, PI3K/AKT is involved in the growth of various cells.[@CIT0039] And it is also found that the migration and invasion of GC cells are attenuated by inhibiting the PI3K/AKT signaling pathway.[@CIT0040] In addition, PI3K/AKT signaling pathway can also affect EMT. For example, breast cancer 1 (AIB1) enhances EMT by activating PI3K/AKT signaling.[@CIT0041] GINS2 promotes cell proliferation, migration, invasion, and EMT by regulating the PI3K/AKT and MEK/ERK signaling pathways.[@CIT0042] In this study, we found that WEE1 was markedly downregulated in GC tissues after Rop action, accompanied by a significant downregulation of PI3K/AKT phosphorylation expression. By detecting changes in the biological behavior of GC tissues, we found that Rop signally inhibited the proliferation, migration, and invasion of GC cells. Overall, Rop exerted its tumor suppressive effect by downregulating WEE1 and inhibiting the PI3K/AKT signaling pathway.

Accumulating studies have found that miRNAs inhibit the progression of GC by regulating the PI3K/AKT signaling pathway. For example, miR-520a-3p regulates the proliferation and glycolysis of GC cells by targeting the AKT1/mTOR/HIF1α pathway, and overexpressing miR-520a-3p inhibits the proliferation of GC cells by downregulating the AKT1/mTOR/HIF1α pathway.[@CIT0043] Besides, miR-520a-3p regulates the proliferation, migration and invasion of NSCLC through the PI3K/AKT/mTOR signal pathway, and overexpressing miR-520a-3p downregulates the PI3K/AKT/mTOR signal pathway to exert its inhibitory effect on NSCLC.[@CIT0044] In the present study, we have confirmed the expression of miR-520a-3p and WEE1 and their biological functions in GC, but the interaction between them remained unclear, so we performed a luciferase reporter experiment and the results showed that there was a binding site between miR-520a-3p and WEE1, and their expressions were negatively correlated. Namely, overexpression of miR-520a-3p dramatically inhibited the expression of WEE1 in GC cells and enhanced the tumor suppressive effect of Rop, indicating that miR-520a-3p targets the WEE1 and PI3K/AKT signaling pathways to affect the proliferation and invasion of GC cells.

In conclusion, our research confirms that Rop inhibits the proliferation, migration, invasion and increases apoptosis of GC cells by upregulating the expression of miR-520a-3p and further regulating the WEE1 and PI3K/AKT signaling pathways. This study better elaborates the molecular mechanism by which Rop regulates the occurrence and development of GC, and provides new theoretical supports for the treatment of GC.
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